Poor cognitive control is associated with nearly every mental disorder and has been proposed as a transdiagnostic risk factor for psychopathology, including depression and anxiety. What specific mechanisms might cause individuals with poor cognitive control to experience higher levels of psychopathology? The current research tests a new process model linking poor cognitive control to depression and anxiety symptoms via increased dependent stress (i.e., selfgenerated stressors) and subsequent rumination. This model was supported across two studies in youth during the key period for emergence of internalizing psychopathology. Study 1 provides longitudinal evidence for prospective prediction of change in symptoms. Study 2 confirms this model using well-established executive function tasks in a cross-sectional study. These findings have potential implications for understanding why cognitive control impairments may be broadly associated with psychopathology and suggest that interventions to prevent stress generation might be effective in preventing negative consequences of poor cognitive control.
Empirical Article
Cognitive control impairments are now widely acknowledged as an important aspect of psychopathology, and are important contributors to impairments in social, occupational, and educational functioning (e.g., McIntyre et al., 2013) . Although cognitive control has been defined in different ways, these definitions all share in common the idea that cognitive control consists of higher-level cognitive processes, which control and regulate lowerlevel cognitive processes (e.g., perception, motor responses) to guide behavior toward a goal, especially in nonroutine situations (e.g., Miyake & Friedman, 2012) . Poor cognitive control is associated with nearly every mental disorder (for review, see, e.g., Snyder, Miyake, & Hankin, 2015) . Therefore, it has recently been proposed that such cognitive control deficits may be a transdiagnostic risk factor for psychopathology (Buckholtz & Meyer-Lindenberg, 2012; Goschke, 2014) . However, the specific mechanisms that lead individuals with poor cognitive control to experience higher levels of psychopathology remain largely unknown. The current study tests a new process model linking poor cognitive control to two highly prevalent and impairing forms of psychopathology, depression and anxiety, in youth during the key period for emergence of internalizing psychopathology.
Poor Cognitive Control Is Associated With Internalizing Psychopathology
In their lifetime, approximately 21% of individuals will experience a mood disorder and 29% an anxiety disorder (Kessler et al., 2005) . Adolescence is a key developmental period for both anxiety and depression. Rates of anxiety 633157C PXXXX10.1177/2167702616633157Snyder, HankinStress Generation and Subsequent Rumination research-article2016 increase steadily across this period, reaching adult levels by late adolescence, whereas rates of depression increase dramatically from middle to late adolescence, when they reach adult levels (e.g., Merikangas et al., 2010) . Moreover, many more experience subclinical levels of depression and anxiety symptoms, which can be equally distressing and impairing (e.g., Aalto-Setälä, Marttunen, Tuulio-Henriksson, Poikolainen, & Lönnqvist, 2014; Beesdo, Knappe, & Pine, 2009 ). In addition, cognitive control continues to develop through adolescence into early adulthood (for review, see, e.g., Best, Miller, & Jones, 2009 ).
Depression and anxiety, both at the symptom and syndrome level, frequently co-occur in adolescents (for review, see, e.g., Cummings, Caporino, & Kendall, 2014) , and hierarchical models of psychopathology have consistently demonstrated that depression and anxiety are best conceptualized as nested within a latent internalizing psychopathology dimension (for review, see, e.g., Carragher, Krueger, Eaton, & Slade, 2015) . Although there are important differences between depression and anxiety, they share many risk factors in common, including impaired cognitive control (for review, see, e.g., Snyder et al., 2015) . Thus, better understanding how cognitive control deficits may serve as risk factors for anxiety and depression in youth has important implications for understanding the etiology of these disorders during their key developmental period.
Depression and anxiety are both associated with impaired cognitive control as assessed by executive function (EF) task performance and effortful control (EC) questionnaire measures. EF and EC are two distinct ways of assessing cognitive control that are conceptually very similar and have been defined in nearly identical terms, for example, EC has been defined as "the efficiency of executive attention" (Rothbart & Bates, 2006) , but have generally been studied by those in different fields (temperament/developmental psychology vs. cognitive psychology) and using different methodologies (e.g., questionnaires vs. tasks). Although these ways of assessing cognitive control differ in a number of important respects (see Study 1 discussion section), there is nonetheless converging evidence across these two types of measures that cognitive control deficits are associated with internalizing psychopathology.
Specifically, individuals with depression and anxiety report more cognitive control difficulties in daily life (e.g., Letkiewicz et al., 2014; Muris & Ollendick, 2005; van Oort, Greaves Lord, Ormel, Verhulst, & Huizink, 2011) and have impaired performance on EF tasks (e.g., Berggren & Derakshan, 2013; Derakshan & Eysenck, 2009; Owens, Koster, & Derakshan, 2012; Snyder, 2013; Snyder et al., 2010) . Moreover, although the vast majority of research has been cross-sectional, there is some emerging evidence that poor cognitive control, as assessed by self-report measures, prospectively predicts increased depression (Letkiewicz et al., 2014) and internalizing symptoms more broadly (Eisenberg et al., 2009; Oldehinkel, Hartman, Ferdinand, Verhulst, & Ormel, 2007) . Thus, there is evidence that cognitive control, as assessed by both EF task performance and self-report EC questionnaires, is an important factor in understanding psychopathology and may be a risk factor for depression and anxiety. Given the conceptual similarity of cognitive control constructs assessed by EF task performance and EC questionnaires and the empirical evidence that both are related to depression and anxiety, in the current study we assessed both EC and EF to provide converging evidence across multiple measures of cognitive control.
Mediating Mechanisms Between Poor Cognitive Control and Internalizing Psychopathology
Why might poor cognitive control be associated broadly with internalizing psychopathology? In other words, what specific mechanisms might lead individuals with poor cognitive control to experience higher levels of internalizing psychopathology? The prominent theories to date have posited rumination as the key mediator. Specifically, they have proposed that difficulty preventing the entry of, or removing, negative information from working memory (for review, see, e.g., Koster, De Lissnyder, Derakshan, & De Raedt, 2011) , or alternatively a narrow scope of attention (for review, see Whitmer & Gotlib, 2013) , leads to difficulty disengaging from unwanted negative thoughts, and thus rumination. Consistent with these theories, trait rumination is associated with impaired performance on behavioral tasks that require removing no longer relevant negative information from working memory (e.g., Joormann & Gotlib, 2008; Joormann, Nee, Berman, Jonides, & Gotlib, 2010; Whitmer & Banich, 2007; Zetsche, D'Avanzato, & Joormann, 2012) . To our knowledge only one study to date has directly tested the role of rumination as a mediator between poor cognitive control and psychopathology. In a small sample of remitted adult depressed patients, poor cognitive control over emotional information predicted later rumination, which mediated the association between cognitive control and depressive symptoms (measured simultaneously with rumination; Demeyer, De Lissnyder, Koster, & De Raedt, 2012) .
Thus, there is evidence linking specific aspects of cognitive control, namely controlling the content and scope of working memory, to rumination, and some preliminary evidence that rumination may mediate the association between poor cognitive control and depressive symptoms. However, there are a number of limitations to this model. First, the mediating role of rumination has been directly tested in only a single study, which had a very small sample size (N = 23), included only remitted depressed patients who may differ from the general population ( Just, Abramson, & Alloy, 2001) , and found effects only for an affective, but not a nonaffective, cognitive control task (Demeyer et al., 2012) . Other studies linking cognitive control to rumination have been almost exclusively cross-sectional. Of those few studies that did investigate associations longitudinally, cognitive control prospectively predicted rumination in one (Zetsche & Joormann, 2011) , but not another (S. L. Connolly et al., 2014) . Second, although specific aspects of cognitive control have been associated with rumination, other aspects of cognitive control have not been consistently associated with rumination (for review, see Whitmer & Gotlib, 2013) . Indeed, trait ruminators appear to be better at stably maintaining goals in working memory (Altamirano, Miyake, & Whitmer, 2010; Zetsche & Joormann, 2011) . However, internalizing psychopathology is associated with broad impairments in cognitive control, including those aspects of cognitive control that appear to be unimpaired or enhanced in ruminators (for review, see, e.g., Snyder et al., 2015) . Thus, although rumination may directly mediate links between specific aspects of cognitive control and psychopathology, it cannot explain why impairments in other aspects of cognitive control are associated with psychopathology. This suggests that some process, in addition to rumination, is likely involved in translating poor cognitive control to increased psychopathology.
Potential Mediating Role for Stress Generation
One plausible, but as yet untested, candidate for an additional mediating process is stress generation. The stress generation model (e.g., C. C. Conway, Hammen, & Brennan, 2012; Hammen, 1991) posits that individual difference vulnerabilities related to depression and anxiety, as well as internalizing psychopathology itself, impair functioning and may increase the risk for self-generated (i.e., dependent) stressful life events (e.g., achievement failures, interpersonal conflict). These dependent stressors in turn increase risk for psychopathology, including depression and anxiety (e.g., Grant et al., 2014; Hammen, 2005; Hankin & Abramson, 2001) . It is well established that stress generation mediates the link between several risk factors-including negative cognitive style (Hamilton et al., 2013) , negative emotionality (Hankin, 2010) , rumination and corumination (Hankin, Stone, & Wright, 2010; McLaughlin & Nolen-Hoeksema, 2012) , and prior levels of emotional distress (Shapero, Hankin, & Barrocas, 2013) -and internalizing psychopathology in adolescents and young adults.
It has been proposed that poor cognitive control might also lead to stress generation and thus mediates the link between cognitive control deficits and psychopathology (Williams, Suchy, & Rau, 2009 ). However, this proposal has never been directly tested, and the potential role for cognitive control in stress generation has received scant attention in the literature. Rather, the literature on stress and cognitive control has largely focused on the effect of early life stress, chronic stress exposure, or acute laboratory stressors on cognitive control (for review, see, e.g., Lupien, McEwen, Gunnar, & Heim, 2009 ). However, some indirect evidence suggests that poor cognitive control might lead to experiencing more dependent stressful events. First, correlational studies have found that poor cognitive control is associated with poor functioning across multiple domains, including poor school functioning (e.g., Jacobson, Williford, & Pianta, 2011; Liew, 2012; Martel et al., 2007) and more interpersonal problems (e.g., Liew, 2012; Martel et al., 2007; Ogilvie, Stewart, Chan, & Shum, 2011) , which are often considered to be dependent stressors. Second, a recent longitudinal study found that adolescents' self-reported cognitive control at baseline prospectively predicted daily stressful life events over a 2-week follow-up period, such that adolescents with poorer cognitive control reported experiencing more stressors (Galla & Wood, 2015) . However, links to rumination and psychopathology were not investigated.
Given this incomplete, but promising, preliminary evidence, it is possible that deficits in cognitive control increase risk for psychopathology via stress generation. Because impairments in multiple forms of cognitive control may all contribute to stress generation (e.g., via different functional impairments), and stress is a common risk factor across many disorders (for review, see, e.g., Grant et al., 2014) , this model could provide a parsimonious explanation for why broad impairments in cognitive control are associated transdiagnostically with psychopathology.
In this model, although certain specific aspects of cognitive control (e.g., controlling negative information in working memory) might directly predict rumination, the broader effects of cognitive control on rumination may be indirect through stress generation. Specifically, it is well established that stress is a strong predictor of rumination (e.g., Smith & Alloy, 2009 ). Predominant models of rumination posit that the ruminative cycle is initiated when there is a discrepancy between one's target and actual status (e.g., Smith & Alloy, 2009 ). Thus dependent negative life events, such as failing to achieve a goal, are potent triggers of rumination and can lead to long-lasting increases in the tendency to ruminate (Michl, McLaughlin, Shepherd, & Nolen-Hoeksema, 2013) . Rumination, in turn, predicts increases in depression and anxiety, likely through multiple mechanisms, including preventing more effective active coping mechanisms (e.g., problem solving) and reinforcing and prolonging negative mood (for review, see Smith & Alloy, 2009 ). Indeed, rumination has been found to mediate the association between stress and internalizing symptoms (Michl et al., 2013) . Thus, there is emerging evidence that poor cognitive control may lead to generation of dependent stress, which in turn can serve as a trigger for rumination, which in turn increases risk for internalizing psychopathology. However, this model with multiple mediating mechanisms has never been tested as an integrated whole.
Current Study
The current study therefore tests a new process model linking poor cognitive control to internalizing psychopathology (depression and anxiety symptoms) via generation of more dependent stressful life events and subsequent rumination. We test this model across two studies in youth during the key developmental period for the emergence of internalizing psychopathology, from late childhood through adolescence and early adulthood. Study 1 tests this pathway longitudinally across a 3-year study period and provides evidence for prospective prediction. Selfreported cognitive control (EC) predicted prospective change in symptoms of depression and anxiety, and these associations were longitudinally mediated by stress generation (whether dependent stress was assessed by a contextual stress interview or self-report) and rumination. Study 2 addresses the possibility that self-reported cognitive control could be contaminated by negative selfevaluations, rather than reflecting true cognitive control ability. Here we used a battery of well-established EF tasks to assess cognitive control in a cross-sectional study. Study 2 also examined the possibility that effects of EF may increase with age, as EF task performance is still developing during adolescence (e.g., Best et al., 2009) . Taken together, these two studies use multiple methods and designs to provide conceptual replication of this novel expanded process model, showing that poor cognitive control predicts later increases in internalizing psychopathology transdiagnostically via the mediating mechanisms of stress generation and rumination.
Study 1

Method
Participants. Participants were recruited by letters mailed to families with a child in third, sixth, or ninth grade of public schools in the Denver metropolitan area and were followed for 3 years as part of a longitudinal study of psychopathology risk (for detail, see Hankin et al., 2015) . Participants were 360 youth who were 8 to 16 years old at the time of initial assessment (M = 12.06, SD = 2.35). Participants were 57.2% female and were ethnically and racially representative of both the regional and U.S. population (15% Hispanic/Latino, 75% White, 9% African American, 3% Asian, 1% American Indian, and 12% more than one race). Parents provided informed consent, and youth provided assent. The Institutional Review Board approved all procedures. Youth and parents were reimbursed for participation.
Procedure. Data for Study 1 were collected as part of a 3-year longitudinal study in which youth and a parent completed extensive laboratory assessments every 18 months and telephone assessments every 3 months. The current study used data collected during four time periods, as shown in Figures 1 and 2 . T1 (the first laboratory visit) assessed baseline depression symptoms (Children's Depression Inventory; CDI), anxiety symptoms (Multidimensional Anxiety Scale for Children; MASC), dependent stressors (Adolescent Life Events Questionnaire; ALEQ), rumination (Children's Response Styles Questionnaire; CRSQ), and EC (Early Adolescent Temperament Questionnaire-Revised; EATQ-R). At T2, stress was assessed in two different ways to provide converging evidence across methods: (a) ALEQ stress data collected during the 3-, 6-, 9-, 12-, and 15-month follow-up assessments, averaged to obtain a robust estimate of stress experienced during the 3-to 15-month period of the study, and (b) chronic contextual stress interview data collected at the 18-month follow-up and covering the previous 18 months. These measures were analyzed in separate analyses. T3 consists of CRSQ rumination data collected at the 18-month follow-up. Finally, in analyses with depression and anxiety as the outcome variable respectively, T4 consists of CDI depression symptom or MASC anxiety symptom data collected at the 21-, 24-, 27-, 30-, 33-, and 36-month followups, averaged to obtain robust estimates of depression and anxiety symptoms during the 21-to 36-month period of the study.
Measures. All measures have established good reliability and validity, as detailed in Supplemental Material.
CDI. The CDI (Kovacs, 1992) is a widely used selfreport measure of depressive symptoms in children and adolescents (e.g., "I am sad all the time," "I feel like crying every day"). The current study used CDI data collected at baseline and an average of data collected at the 21-to 36-month follow-ups; internal consistency was good (α > .82 for all time points).
MASC. The MASC (March, Parker, Sullivan, Stallings, & Conners, 1997 ) is a widely used self-report measure of anxious symptoms in children and adolescents, including social anxiety, separation/panic, physical symptoms, and harm avoidance (e.g., "I get shaky or jittery," "I worry about what other people think of me"). The current study used MASC data collected at baseline and an average of data collected at the 21-to 36-month follow-ups; internal consistency was good (α > .87 for all time points). & Rothbart, 2001 ) is a commonly used self-report measure of temperament in children and adolescents. Only the EC scale was analyzed in this study; it includes (a) attentional control (capacity to focus and shift attention appropriately, e.g., "It is easy for me to really concentrate on homework problems"), (b) inhibitory control (capacity to suppress inappropriate responses and plan future action, e.g., "When someone tells me to stop doing something, it is easy for me to stop"), and (c) activation control (ability to perform an action when there is a strong tendency to avoid it, e.g., "If I have a hard assignment to do I get started right away"). Higher scores indicate better cognitive control. The current study used EATQ-R data collected at baseline; internal consistency was good (α = .87).
EATQ-R. The EATQ-R (Ellis
CRSQ. The CRSQ (Abela, Rochon, & Vanderbilt, 2000) was used to assess rumination. This study used only the Rumination subscale, which assesses how frequently youth respond to a sad mood with the rumination response style (e.g., "When I am sad, I think about a recent situation wishing it had gone better," "When I am sad, I think about all my faults, failures and mistakes"). The current study used CRSQ data collected at baseline and the 18-month follow-up; internal consistency was good (α > .84 for both time points).
ALEQ. The ALEQ (Hankin & Abramson, 2002) selfreport instrument assesses a broad range of negative life events typically experienced by youth, occurring in the past 3 months. For all items, participants rated how often such events occurred from 1 (never) to 5 (always). For the current study, we included only items that were dependent (i.e., at least in part dependent on the actions of the individual), including interpersonal and achievement stressors (e.g., "Fighting with or problems with a friend," "Got a bad grade on an exam, project or paper in class"; e.g., Technow, Hazel, Abela, & Hankin, 2015) . Items were coded for dependence by two independent coders, and initial agreement was high (κ = .86); coding of the two discrepant items was resolved by the first author.
Youth Life Stress Interview Chronic Stress (YLSI).
The YLSI (Rudolph & Flynn, 2007 ) is a reliable, valid, semistructured contextual stress interview used to assess youths' ongoing chronic stress level in multiple domains. Contextual stress interview methods such as the YLSI are considered the gold-standard approach to assess stressful life events (e.g., Hammen, 2005) . For this study, we included only domains that were dependent (i.e., at least in part dependent on the actions of the individual): academic problems, behavioral problems at school, problems related to extracurricular activities, and interpersonal problems with peers, parents, and romantic partners. Information on each domain gathered during the interview was presented to a team of three or more blind raters, who came to an agreed on severity score on a scale from 1 (little/no stress) to 5 (severe stress). Specifically, coding for the YLSI is based on manualized objective ratings for each stressor type, with no consideration of the participant's subjective response to the stressor. Ratings were averaged across domains to compute a total dependent chronic stress severity score.
Data analysis
Path models were run in Mplus (Muthén & Muthén, 2012) to test the following hypotheses: (a) Poorer self-reported cognitive control (T1 EATQ-R EC) predicts later internalizing psychopathology (T4 CDI depression and MASC anxiety; (b) this effect is mediated by increased dependent stress (T2 ALEQ or YLSI) and subsequent rumination (T3 CRSQ). Separate models were tested for depression and anxiety, and for the two measures of dependent stress: ALEQ scores and the YLSI. Because there are well-established age and gender differences in depression and anxiety symptoms (e.g., Hankin & Abramson, 2001 ), age and gender were controlled for in all paths of each model.
Results
Descriptive statistics are reported in the Supplemental Material (Table S1 ). At T2, average ALEQ scores from the 3-to 15-month follow-ups were calculated: Participants had data from 4.59 out of a possible 5 time points on average (SD = 0.83). At T4, average CDI and MASC scores from the 21-to 36-month follow-ups were calculated: On average participants had data on the CDI from 5.47 out of 6 time points (SD = 0.94) and from the MASC from 5.44 out of 6 time points (SD = 0.94).
Total effects models. Controlling for age and gender, T1 EC significantly predicted T4 depression, β = -.310, t(291) = -5.60, p < .001, and anxiety, β = -.175, t(291) = -3.04, p = .003, such that lower levels of EC at baseline were associated with higher levels of symptoms of depression and anxiety averaged from 21 to 36 months.
Longitudinal mediation path models. To provide converging evidence, separate mediation models were tested for two measures of dependent stress: ALEQ scores and the YLSI. Standardized path coefficients and significance levels for the key pathways of interest are shown in Figures 1 and 2 , and full model figures and tables are reported in Supplemental Material (Tables S3-S6 , Figs. S1-S2).
ALEQ. Models tested the effects of EC at T1 on T4 depression (Fig. 1A) and anxiety (Fig. 1B) , with ALEQ stress at T2 and rumination at T3 as mediators, and controlling for age and gender on all paths and ALEQ stress, CRSQ rumination, and internalizing psychopathology (CDI depression or MASC anxiety in their respective models) at baseline. In both models, EC at T1 significantly predicted ALEQ dependent stress at T2, controlling for ALEQ dependent stress at T1, such that lower EC predicted more dependent stressful life events. Dependent stress at T2 in turn significantly predicted an increase in rumination at T3, controlling for rumination at T1. Both dependent stress at T2 and rumination at T3 significantly predicted an increase in depression and anxiety at T4, controlling for depression and anxiety at T1, in their respective models. Critically, for both the depression and anxiety models, there were significant indirect paths from EC to dependent stress to rumination to depression/ anxiety (p = .024 depression, p = .026 anxiety). There was also a significant indirect path from EC to dependent stress to depression/anxiety (p = .013 depression, p = .020 anxiety). The indirect path from EC to rumination to depression/anxiety was not significant in either model (p = .5 depression, p = .5 anxiety). The direct effect of EC on depression remained marginal (p = .087), whereas the direct effect of EC on anxiety was not significant in the mediation model (p = .5).
YLSI. Models tested the effects of EC at T1 on T4 depression ( Fig. 2A) and anxiety (Fig. 2B) , with YLSI stress at T2 and rumination at T3 as mediators, and controlling for age, gender and baseline rumination and depression/anxiety. In both models, EC at T1 significantly predicted YLSI chronic dependent stress at T2, such that lower EC predicted higher levels of stress. Dependent stress at T2 in turn predicted higher levels of rumination at T3, controlling for rumination at baseline. Rumination at T3 significantly predicted higher depression and anxiety at T4, controlling for depression and anxiety at T1, in their respective models. Chronic dependent stress at T2 also directly predicted T4 depression, but this effect did not reach significance for anxiety. Critically, for both the depression and anxiety models, there was a significant indirect paths from EC to dependent stress to rumination to depression/anxiety (p = .005 depression, p = .005 anxiety). There was also a significant indirect path from EC to dependent stress to depression (p = .002) but not anxiety (p = .216). The indirect path from EC to rumination to depression/anxiety was not significant in either model (p = .9 depression, p = .9 anxiety). The direct effect of EC on depression remained marginal (p = .062), whereas the direct effect of EC on anxiety was not significant in the mediation model (p = .9).
Study 1 Discussion
Study 1 supported the hypothesized multiple-mediating mechanisms process model. Self-reported cognitive control prospectively predicted anxiety and depression symptoms, and this effect was mediated by dependent stress and subsequent rumination. Critically, these results replicated across both self-report (ALEQ) and interviewbased (YLSI) measures of stress. These results are consistent with the hypothesis that poor cognitive control can lead to stress generation, which in turn can lead to increases in rumination as individuals dwell on these stressful life events. In contrast, rumination did not directly mediate the link between poor cognitive control and internalizing psychopathology, challenging models that posited a key role for rumination in directly mediating associations between cognitive control and internalizing psychopathology.
One potential limitation of Study 1 is that it used EC measures of cognitive control, rather than assessing EF task performance. Despite similarities in how these constructs are defined, relatively few studies have assessed the relation between EC and EF, especially beyond early to middle childhood (2-10 years), and they reported mixed results, with generally weak to modest correlations between EF task performance and EC questionnaires (for review, see Toplak, West, & Stanovich, 2012) . Thus, EC questionnaires and EF task performance should not be assumed to be measuring precisely the same constructs. Questionnaire-based measures ask about behavior in complex real-world situations (e.g., completing tasks on time, staying organized). This has advantages in terms of ecological validity, and some have argued in favor of using questionnaires rather than EF tasks (e.g., Barkley & Fischer, 2011) . However, questionnaire measures pose interpretational problems in that these realworld behaviors involve multiple executive and nonexecutive processes, and can also be heavily influenced by contextual factors (e.g., having the motivation and opportunity to complete homework on time).
In addition, EC questionnaire responses could potentially be influenced by self-report biases such as negativity bias, rather than reflecting only cognitive control ability. Thus, Study 2 tested whether the effects found in Study 1 for self-reported cognitive control extended to more specific and unbiased measures of cognitive control by using behavioral EF tasks, providing a conceptual replication of Study 1.
Study 2
Study 2 assessed cognitive control using a battery of wellestablished EF tasks assessing shifting, updating, inhibition, and working memory, to form a composite measure capturing the unitary aspect of EF shared across tasks, that is, common EF (e.g., Miyake & Friedman, 2012) . Specifically, different components of EF correlate with one another, thus tapping some common underlying ability, posited to be the ability to actively maintain task goals and use this information to provide top-down support for task-relevant responses (e.g., Friedman et al., 2008; Miyake & Friedman, 2012) . Recent evidence suggests that common EF, rather than specific EF components (e.g., shifting, updating), may be the primary predictor of psychopathology (e.g., Snyder et al., 2015; Young et al., 2009 ).
Thus, we selected tasks spanning different specific EF components and aggregated them to form a composite measure of common EF ability that is a more accurate and reliable measure of EF than single tasks, because the non-executive-task requirements specific to each task (e.g., color processing and articulation speed in the Stroop task, visuospatial processing in the spatial span task) have less influence (e.g., Miyake et al., 2000; Snyder et al., 2015) . The measures used in the current study are identical or similar to those used in previous studies of common EF (e.g., Friedman et al., 2008) , and a confirmatory factor analysis of Study 2 data demonstrated that all EF tasks loaded significantly onto a common factor, with adequate model fit, justifying creation of a composite score.
Method
Participants. Participants were recruited after the original 3-year study to participate in an additional substudy with a planned sample size of 150. Participants were a subsample of 148 participants from Study 1 (original cohorts: 52 third grade, 55 sixth grade, 41 ninth grade), who were 11 to 20 years old at the time of testing (M = 16.29, SD = 2.46) and 56.8% female; 7 additional participants were excluded due to parent or self-reported reading disability, which precluded valid assessment of EF given that most measures required reading. For participants younger than 18, parents gave informed consent and participants gave informed assent. Participants 18 and older gave informed consent. The Institutional Review Board approved all procedures. Youth and parents were reimbursed for participation.
Procedure. Participants completed all measures as part of a single 3-hour laboratory visit. Participants were tested individually by trained research assistants in a quiet room. All participants completed measures in the same order to optimize the design for examination of individual differences.
Measures. Participants completed five tasks to assess EF: Stroop, Category Switch, Keep Track Working Memory Updating, spatial span forward, and spatial span backward. To control for potential effects of overall psychomotor speed and IQ that could influence EF task performance, participants also completed a choice reaction time task to assess psychomotor speed and the Wechsler Abbreviated Scale of Intelligence-II (WASI-II) to assess IQ. After completing all tasks, participants completed questionnaires assessing depression, anxiety, stress, and rumination. See the Supplemental Material for detailed descriptions of each task. Friedman et al., 2008) , participants named words and strings of asterisks in red, green, and blue type using a voice-activated microphone. Response times (RTs) for neutral trials (asterisks) are compared with incongruent trials (e.g., red written in blue type) to calculate Stroop interference (Incongruent -Neutral RT) for correct trials only. Reaction times identified as within-subject outliers by the Wilcox-Keselman trimming procedure (Wilcox & Keselman, 2003) were also removed before averaging (average of 7.4% of trials trimmed).
Stroop. For the Stroop (adapted from
Category Switch. For Category Switch (Reineberg, Andrews-Hanna, Depue, Friedman, & Banich, 2015 , adapted from Friedman et al., 2008 , based on a shape cue, participants pressed buttons to classify words as either living/nonliving or smaller/larger than a soccer ball, with an equal number of trials in which the task switched versus repeated. The dependent measure is the switch cost (Switch -Repeat Trial RT) for correct trials only. Reaction times identified as within-subject outliers by the Wilcox-Keselman trimming procedure (Wilcox & Keselman, 2003) were also removed before averaging (average of 9.89% of trials trimmed).
Keep Track Working Memory Updating. For Keep
Track Working Memory Updating (Reineberg et al., 2015 adapted from Friedman et al., 2008) , on each trial participants were presented with a stream of words and instructed to keep track of the last presented word from two to five target categories (out of six possible categories) and reported those words to the experimenter at the end of each trial. The dependent measure is the proportion of correctly recalled words across all trials.
Spatial Span Forward and Backward (ADHD/LD Cognition Lab at the Hospital for Sick Children).
For spatial span forward and backward (ADHD/LD Cognition Lab at the Hospital for Sick Children: http://www.sickkids.ca/ Research/Tannock-Lab/Cognitive-Tasks-Battery/WorkingMemory-Tasks/Spatial-Span/index.html), boxes on the screen changed color one at a time. After each sequence, participants clicked on the boxes in the same order (forward span) or opposite order (backward span; performed in that order). Participants completed two trials at each span level, until they got both trials at a span level wrong, ending the task. For both forward and backward span, the dependent measure is the total number of boxes clicked in the correct order (i.e., partial credit load scoring; A. R. A. Conway et al., 2005) , a more sensitive measure than all-or-nothing span scoring.
Choice RT. Participants pressed buttons with their left and right hands as fast as possible when presented with left or right pointing triangles, with 60 trials. The dependent variable is mean RT.
WASI-II.
Participants completed the two-subtest form of the WASI-II (Pearson), consisting of the Vocabulary and Matrix Reasoning subtests. The dependent variable is IQ, as calculated based on the WASI-II manual.
Questionnaires. As in Study 1, participants completed the CDI to assess depression symptoms, the MASC to assess anxiety symptoms, the CRSQ to assess rumination, and the ALEQ to assess frequency of dependent stressors.
Participants also completed the Penn State Worry Questionnaire for Children (PSWQ-C; Chorpita, Tracey, Brown, Collica, & Barlow, 1997) , a commonly used self-report measure of worry (e.g., "Many things make me worry," "Once I start worrying I can't stop"), as an additional measure of anxiety. Internal consistency in the current sample was good (α = .92). PSWQ-C and MASC scores were combined to form an anxiety composite score.
Data analysis. Path models were run in Mplus (Muthén & Muthén, 2012) to test the following hypotheses: (a) Poor cognitive control task performance (EF composite) predicts internalizing psychopathology (CDI depression and MASC/PSWQ anxiety), (b) this effect is mediated by increased dependent stress (ALEQ) and subsequent rumination (CRSQ), and (c) these relationships change with age from early adolescence to young adulthood. Separate models were tested for depression and anxiety. As in Study 1, age and gender were controlled for in all paths of each model. In addition, to control for potential confounding effects of overall psychomotor speed and IQ, choice RT and WASI IQ were controlled for in all paths of each model.
Results
EF composite scores were calculated as the z score average across tasks, after reversing signs as appropriate such that higher scores correspond to better performance for all tasks. Scores on individual tasks >3 SD from the mean were excluded prior to calculating the composite scores, leading to exclusion of the Stroop, Category Switch, and Keep Track tasks for two participants each. In addition, the following data were missing: one participant each for Stroop (computer error), Keep Track (fire alarm), forward spatial span (computer error), and WASI-II IQ (experimenter error), and two participants for backward spatial span (computer error). No participant was missing data or had data excluded on more than one task. Descriptive statistics are reported in Supplemental Material (Table S7) .
Total effects models. All analyses are controlling for IQ, choice RT, and gender. Poorer EF was marginally associated with higher depression, controlling for age, β = -.174, t(139) = -1.94, p = .055. Including age as a moderator, rather than covariate, there was a significant EF × Age interaction, such that the effect of EF on depression increased with age, β = -.235, t(138) = -2.89, p = .004. For anxiety, there was a significant EF × Age interaction, such that the effect of EF on anxiety increased with age, β = -.168, t(138) = -2.07, p = .041. However, there was no significant main effect of EF on anxiety controlling for age, β = -.046, t(139) = -0.52, p = .6. Thus, moderated mediation models, with age as a moderator, were tested.
Moderated mediation models.
The moderated mediation models included EF as the predictor, ALEQ dependent stressors and rumination as the mediators, and CDI depression symptoms or MASC/PSWQ anxiety symptoms as the outcome variable, with age moderating all effects of EF (Figs. 3A, 3B) . Gender, IQ, and choice RT were entered as covariates on all paths. Standardized path coefficients and significance levels are shown in Figure 3 , and full model tables are reported in Supplemental Material (Tables S9-S10) .
In both the depression and anxiety model, there was a significant Age × EF interaction predicting dependent stress, such that participants with poorer EF reported experiencing more dependent stressors, and this effect increased with age. In both models, there was a significant effect of dependent stress on rumination, such that participants reporting higher levels of dependent stress reported higher levels of rumination. In their respective models, there were significant effects of both dependent stress and rumination on depression and anxiety, such that participants who reported more dependent stressors and higher levels of rumination reported higher levels of depression and anxiety symptoms. Critically, for both the depression and anxiety models, there were significant indirect paths from EF to dependent stress to rumination to depression/anxiety (p = .016 depression, p = .013 anxiety). There were also significant indirect paths from EF to dependent stress to depression/anxiety (p = .031 depression, p = .013 anxiety). The indirect path from EF to rumination to depression/anxiety was not significant in either model (p = .9 depression, p = .9 anxiety). The direct effects of EF × Age on depression (p = .2), and anxiety (p = .7) were not significant in the mediation model.
General Discussion
Poor cognitive control is associated with nearly every mental disorder and has been proposed as a transdiagnostic risk factor for psychopathology, including the internalizing psychopathology dimensions of depression and anxiety. What specific mechanisms might cause individuals with poor cognitive control to experience higher levels of internalizing psychopathology? Across two studies, we found support for our hypothesized process model linking poorer cognitive control to depression and anxiety symptoms in youth via generation of more dependent stressful life events and subsequent rumination. Thus, across both studies there was strong and complementary evidence in favor of the proposed role of poor cognitive control in stress generation, with stress in turn triggering rumination, which is a potent immediate risk factor for both depression and anxiety (e.g., Michl et al., 2013) . These studies for the first time put together multiple links in a pathway, some of which had been previously investigated in isolation but which had never been jointly tested before (Williams et al., 2009 ).
Study 1 found that self-reported cognitive control prospectively predicted both self-report and interview-based measures of dependent stress over time. Consistent with the hypothesis that poor cognitive control leads to stress generation, individuals with poorer self-reported cognitive control experienced more dependent stress over 18 months. Dependent stress in turn prospectively predicted increases in rumination, which in turn predicted increases in depression and anxiety symptoms over 18 months. Thus, Study 1 provided a strong test of longitudinal mediation, demonstrating that the proposed process pathway predicts change in symptoms over time, controlling for baseline levels of symptoms.
Study 1 used a self-report measure of cognitive control, so it was critical to conceptually replicate these findings and address the possibility that these effects might solely reflect self-report negativity bias (i.e., that individuals who view themselves negatively might report more problems on all questionnaires), or factors other than cognitive control affecting self-reported real-world behaviors (e.g., motivation, environmental effects). Study 2 addressed this possibility by using EF task performance to objectively assess cognitive control ability. As in Study 1, there was a significant pathway from poorer cognitive control (as assessed with EF task performance) to dependent stress, to rumination, to depression and anxiety symptoms. In addition, Study 2 suggests that the link between EF task performance and stress increases with age from early adolescence to young adulthood, a topic we return to in the Key Future Directions section. Although Study 2 was cross-sectional, these findings conceptually replicate the longitudinal findings from Study 1 using different methods and time frames.
Thus, despite potential differences in the constructs assessed by self-report questionnaire versus EF task measures of cognitive control, in this case these different ways of conceptualizing and measuring cognitive control yielded strikingly convergent evidence for the same risk pathways. Nonetheless, it is important to keep in mind the possibility that different measures of cognitive control could potentially participate in the same pathways through different specific mechanisms. Future longitudinal research with EF task measures will thus be important for clarifying the mechanisms by which different aspects of cognitive control contribute to psychopathology risk over time.
In most models, there were also effects of dependent stress directly on internalizing symptoms, independent of the significant indirect pathway through rumination. This finding is consistent with evidence that stress increases depression and anxiety via multiple mechanisms in addition to rumination, including reduced adaptive coping, self-esteem and self-efficacy (for review, see, e.g., Grant et al., 2014) , stress physiology mechanisms (e.g., Doom & Gunnar, 2013) , sleep problems (for review, see, e.g., Van Reeth et al., 2000) , and inflammatory pathways (for review, see, e.g., Slavich & Irwin, 2014) . Thus, stress generation related to poor cognitive control may increase risk for internalizing psychopathology via multiple final mediating mechanisms. The current research has implications for models of psychopathology risk and for interventions, and suggests promising directions for future research.
Mediating role of stress
Mediation by stress generation could potentially explain why cognitive control impairments are so broadly associated with psychopathology (Buckholtz & MeyerLindenberg, 2012; Goschke, 2014; Snyder et al., 2015) , because stress is a transdiagnostic risk factor (e.g., Grant et al., 2014) . Furthermore, the existence of common risk pathways for anxiety and depression, such as those identified in the current study, may be one source of comorbidity between them (e.g., Cummings et al., 2014) .
Future research is needed to better understand the specific mechanisms involved in this mediation pathway, at multiple levels of analysis. There may be different mechanisms involved for different aspects of cognitive control and different types of stressors. For example, it is possible that poor goal management and planning might lead to generation of achievement stressors (e.g., failing an exam because of failure to plan ahead to study or stay focused while studying). Interpersonal stressors might be related to other types of cognitive control problems, such as poor ability to stop automatic but counterproductive social behaviors (e.g., yelling at a parent or peer during an argument), or poor affective theory of mind, which is related to cognitive control in adolescents (Vetter, Altgassen, Phillips, Mahy, & Kliegel, 2013) .
Future research is also need to explore additional mechanisms by which cognitive control could affect stress. Specifically, the current research demonstrates that individuals with poor cognitive control experience more dependent stressors. However, some evidence indicates cognitive control may also be associated with different responses to stress. For example, recent studies have found that individuals with poor EF respond to acute laboratory social stressors with a greater physiological stress response (cortisol and skin conductance) and greater negative affect (Hendrawan, Yamakawa, Kimura, Murakami, & Ohira, 2012) , and respond to daily stressors with greater negative affect and reduced problem solving to cope with stress (Compton et al., 2011) . Likewise, lower self-reported cognitive control predicts a greater cortisol response and increased subjective arousal and unpleasantness (Oldehinkel, Hartman, Nederhof, Riese, & Ormel, 2011) . In addition, prefrontal mechanisms are critical for the perception of stress controllability, reducing the physiological stress response when stressors are perceived as controllable (e.g., Varela, Wang, Christianson, Maier, & Cooper, 2012) . This raises the possibility that poor cognitive control may be associated with increased stress responses via lower perceived stress controllability.
It is also possible that once a stressor has occurred, additional attentional control mechanisms play a role in reactivity to the stressor, further mediating the link between poor cognitive control and psychopathology. For example, attention biases toward negative aspects of a stressful situation or difficulty disengaging attention from stressors may lead to a greater psychological or physiological stress response, increasing risk for psychopathology. In addition, rumination itself may prolong or reactivate physiological stress responses (e.g., Brosschot, 2010) , which may help mediate the link between rumination and psychopathology. Thus, it seems likely that cognitive control may affect both the generation of stressful life events and the physiological and psychological reactivity to those events.
In addition, stress and cognitive control may bidirectionally affect one another. Specifically, there is evidence that laboratory stressors can impair cognitive control, especially when they are perceived as severe and uncontrollable (Henderson, Snyder, Gupta, & Banich, 2012) , and that poor poststress cognitive control is associated with depression symptoms in individuals who tend to ruminate (Quinn & Joormann, 2015) . Although a full exploration of such transactional effects is beyond the scope of the current article, we tested a reversed model for Study 1, in which symptoms at T1 where used to predict EC at T4, via stress generation and rumination (Supplemental Material Tables S11-S12). For depression, there was a significant indirect pathway from depression to increased dependent stress to decreased EC (the pathway through rumination did not reach significance; Table  S11 ). Thus, for depression this pathway is likely bidirectional, potentially leading to a positive feedback loop of increasing depression and decreasing cognitive control over time. Support was not found for this reversed pathway for anxiety (Table S12) , consistent with previous evidence that depressive symptoms play a stronger role in stress generation than anxious symptoms (e.g., N. P. Connolly, Eberhart, Hammen, & Brennan, 2010 ; but see Shapero et al., 2013 , for independent effects of depression and anxiety symptoms on stress generation). Investigating such transactional pathways and how they may differ between depression and anxiety is a promising direction for future research.
Mediating role of rumination
Contemporary theories posit that poor cognitive control directly leads to increased rumination Koster et al., 2011; Whitmer & Gotlib, 2013) . Our findings challenge and suggest a modification to these models, in that rumination did not directly mediate the link between cognitive control and psychopathology in the current studies. Instead cognitive control has indirect effects on rumination via dependent stress generation. It is important that previous studies of cognitive control and rumination, including the only previous mediation analysis (Demeyer et al., 2012) , have primarily found links between rumination and specific aspects of cognitive control over negative information. Other types of cognitive control are unimpaired or even enhanced in ruminators (for review, see Whitmer & Gotlib, 2013) .
Thus, it is possible that rumination directly mediates links between cognitive control over affective information, or specific cognitive control processes (e.g., controlling the affective contents and scope of working memory) and psychopathology, whereas broad impairments in nonaffective "cold" cognitive control are associated with rumination only indirectly through stress generation. Future research on this distinction could potentially help to explain the mixed evidence for cognitive controlrumination links in the literature, and elucidate the multiple mechanisms by which poor cognitive control could confer risk for psychopathology. In addition, future research would benefit from examining the role of different specific forms of rumination (e.g., brooding vs. reflection) as well as other forms of repetitive negative thinking (e.g., worry).
Translational implications
The current research has implications for interventions aimed at treating or preventing depression and anxiety. It is important to note that the current studies took a dimensional approach, assessing anxiety and depression symptoms in a general community sample. Thus, these findings will need to be confirmed in clinical samples prior to definitive efforts to translate them to practice in clinical settings. Nonetheless, better understanding the mediating mechanisms between poor cognitive control and internalizing psychopathology has the potential to inform new targets for intervention.
There has been a great deal of interest in cognitive control training as a potential prevention or treatment strategy. However, thus far there is little evidence that directly training EF (i.e., targeting the weakness rather than compensatory strategies) effectively generalizes to real-world function or improves clinical symptoms (for review, see Rabipour & Raz, 2012) , although there is some evidence that cognitive control training can transfer to other cognitive control tasks in individuals with high depressive symptoms, suggesting further transfer may be possible (Owens, Koster, & Derakshan, 2013) . The current research suggests that interventions aimed at disrupting the link between poor cognitive control and stress generation might be a more promising approach. That is, training on compensatory strategies and providing adolescents with additional supports (e.g., for time management, organization and planning when doing school work) could mitigate the effects of poor cognitive control to reduce stress (Cicerone, Levin, Malec, & Stuss, 2006) . There is little research on the effectiveness of such compensatory strategies in individuals with depression or anxiety disorders, although it is intriguingly suggestive that some therapies such as behavioral activation (e.g., Dimidjian, Barrera, Martell, Muñoz, & Lewinsohn, 2011) incorporate compensatory strategies (e.g., cues to engage in a desired activity).
Future research is needed to determine if the effectiveness of these approaches, as well as other interventions that have been shown to affect prefrontal function (e.g., mindfulness -Tang, Hölzel, & Posner, 2015; exerciseHillman, Erickson, & Kramer, 2008) , is mediated by reductions in stress generation, and whether they might be effective in preventing internalizing psychopathology in at-risk youth. In addition, future translational research will need to take developmental trajectories into account. For example, some youth may have a cognitive developmental trajectory that is delayed but eventually catches up to their peers, whereas others remain impaired (e.g., Luu, Vohr, Allan, Schneider, & Ment, 2011) . Thus, some youth may only need compensatory strategies to bridge the developmental gap until their cognitive control matures, whereas others may need to continue using such strategies to compensate for poor cognitive control.
Key future directions
The findings of the current studies suggest a number of directions for future research, including those we have briefly discussed earlier. Here, we highlight two key directions we see as particularly critical to advancing this area of study.
Integrating modern models of cognitive control and psychopathology. First, integrating recent developments in how the structure of both psychopathology and cognitive control are conceptualized and modeled has the potential to greatly clarify the specificity and generality of the links between them (e.g., Snyder et al., 2015) . Dimensional models of psychopathology, including both a general psychopathology factor (i.e., p factor) that spans common psychopathologies in addition to specific internalizing and externalizing latent factors, have recently gained prominence (e.g., Caspi et al., 2014; Laceulle, Vollebergh, & Ormel, 2015; Lahey et al., 2012) . Like psychopathology, structural models of cognitive control (e.g., unity/diversity model; Friedman et al., 2008; Miyake & Friedman, 2012) highlight that there is a general common EF, posited to be the ability to actively maintain task goals and use this information to provide top-down support for task-relevant responses, and specific EF abilities.
Broad impairment across most EF tasks is associated with both internalizing and externalizing psychopathology (see, e.g., Snyder et al., 2015, for review) , consistent with the notion that common EF is associated with common psychopathology (i.e., the p factor). This suggests the hypothesis that the pathways demonstrated in the current studies may reflect associations between common EF and the p factor. Indeed, preliminary evidence suggests that the p factor is associated with poorer performance on some EF tasks, and self-reported cognitive and self-control problems (Caspi et al., 2014) . However, no study has investigated risk pathways in conjunction with p factor models of psychopathology or latent dimensional models of EF.
The current studies show that the same risk pathways link poor performance on a composite measure of EF tasks to both depressive and anxiety symptoms. This pattern could be consistent with an association between EF and either unique latent internalizing psychopathology or to the p factor, or possibly to both. However, the current research cannot differentiate these important hypotheses. Future research is needed to directly test the hypothesis that common EF may be a liability factor for common psychopathology, by using latent bifactor models of both EF (e.g., Miyake & Friedman, 2012) and psychopathology (e.g., Caspi et al., 2014) . It is also possible that individuals with psychopathology have processingspecific impairments in specific aspects of EF (e.g., shifting, working memory updating, e.g., Friedman et al., 2008) in addition to deficits in common EF. These deficits could increase risk for psychopathology via either shared or distinct mediating mechanisms. Such future inquiry can clarify the nature of risk pathways between EF impairments and particular forms of psychopathology, and accelerate progress in understanding how EF impairments contribute to comorbidity across disorders.
Understanding how risk pathways unfold and change across development. Both cognitive control and psychopathology change greatly across adolescence and into young adulthood. Thus, it is likely that risk pathways between cognitive control and psychopathology change with development. Indeed, in Study 2, the relationship between poor EF and stress generation increased with age. This may have occurred because adult caretakers may partly compensate for younger adolescents' poor EF (e.g., reminders to complete homework), and thus prevent poor EF from being translated into behaviors that lead to stress (e.g., bad grades) among younger aged youth. Future research is needed to investigate this possibility and disentangle maturational from environmental support explanations for these age effects.
Conclusion
The current research proposed and found support for a novel process model linking poor cognitive control to internalizing psychopathology (depression and anxiety symptoms) in youth via generation of more dependent stressful life events and subsequent rumination. Although it is possible that rumination directly mediates links between specific cognitive control processes (e.g., controlling negative information in working memory) and psychopathology, the current research suggests that broad impairments in cognitive control are associated with rumination only indirectly through stress generation. Given that stress is a transdiagnostic risk factor for psychopathology (e.g., Grant et al., 2014) , the role of poor cognitive control in stress generation could potentially explain why cognitive control impairments are so broadly associated with psychopathology (Buckholtz & Meyer-Lindenberg, 2012; Goschke, 2014; Snyder et al., 2015) . This research is an important step in understanding the developmental pathways leading to depression and anxiety in youth, and raises the possibility that interventions aimed at disrupting the link between poor cognitive control and stress could be powerful tools for preventing the development of internalizing psychopathology. 
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